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INTEGRATED CIRCUIT COMPRISING
COMPONENTS, FOR EXAMPLE NMOS
TRANSISTORS, HAVING ACTIVE REGIONS
WITH RELAXED COMPRESSIVE STRESSES

PRIORITY CLAIM

This application claims priority from French Application
for Patent No. 1451616 filed Feb. 28, 2014, the disclosure of
which 1s incorporated by reference.

TECHNICAL FIELD

The 1nvention relates to integrated circuits, and more par-
ticularly to relaxation of the compressive stresses of an active
region, for example that of an NMOS transistor.

BACKGROUND

In an 1ntegrated circuit, the transistors are produced in and
on an active semiconductor region, for example of silicon,
surrounded by an electrically insulating region, for example a
trench filled, for example, with silicon dioxide.

Production of an MOS transistor within an insulating
region inherently leads to an active region being obtained
which 1s compressively stressed owing to the presence of the
insulating region at 1ts periphery. Furthermore, although a
compressively stressed active region promotes the perfor-
mance of a PMOS transistor, 1t conversely causes a degrada-
tion of the performance of an NMOS transistor, particularly in
terms of mobility of the carriers.

Furthermore, the production of high-speed transistors
requires small channel lengths and widths, and structures
generally produced have a high density, which leads to active
region dimensions which are very small or even mimimal for
the technology 1n question.

It 1s therefore extremely difficult or even impossible to
increase the dimensions of the active regions of the NMOS
transistors with a view to relaxing their compressive stresses,
in view of the desired density of the structures produced.

SUMMARY

According to one embodiment, 1t 1s proposed to reduce the
compressive stresses 1n the active region of a component
unifavorably sensitive to compressive stresses, for example an
NMOS ftransistor, or an active resistor, that 1s to say one
formed 1n an active region, the resistive value of which may
vary with the compressive stresses, and to do so without
moditying the characteristics of the PMOS transistors.

A component unfavorably sensitive to compressive
stresses 18, 1 particular, a component of which at least one of
its characteristics 1s modified 1n the presence of compressive
stresses, leading to a degradation of i1ts performance, as 1s the
case for example for the mobility characteristic of an NMOS
transistor.

One aspect provides an integrated circuit comprising a
substrate and at least one component unfavorably sensitive to
compressive stresses, for example an NMOS transistor,
which 1s arranged at least partially within an active region of
the substrate limited by an insulating region.

According to a general characteristic of this aspect, the
integrated circuit comprises at least one electrically 1nactive
trench located at least in the msulating region and containming,
an 1nternal area configured in order to allow reduction of
compressive stresses 1n the active region.
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2

The active region of the substrate, within which the com-
ponent 1s arranged, 1s an active region which 1s compressively
stressed because of the presence of the insulating region.
Specifically, in general, the maternial forming the nsulating
region, for example silicon dioxide, has a coellicient of ther-
mal expansion much lower than that of the material forming
the active region, typically silicon. For this reason, at the end
of the method of fabricating the transistor, the insulating
region 1s compressively stressed, thereby inducing compres-
stve stresses 1n the active region.

Furthermore, the compressive stresses are reduced (these
compressive stresses are relaxed) 1n the active zone by reduc-
ing the compressive stresses 1n the msulating region by virtue
ol the presence of the electrically mactive trench.

Moreover, since this trench 1s produced within the insulat-
ing region, its production 1s entirely transparent for the
designer of the integrated circuit, since he simply determines
the dimensions of the active region and of the insulating
region without being preoccupied with the content of this
insulating region, that 1s to say in the case in point the pres-
ence of an electrically inactive trench in this insulating region.

This 1s because this trench 1s mechanically active in order
to allow reduction of the compressive stresses, but entirely
clectrically inactive, that 1s to say 1t 1s not connected to any
other electrically active component or element of the inte-
grated circuit, or to any potential.

The at least one trench 1s advantageously separate from a
part of the substrate, and a plurality of embodiments are
possible as regards the trench internal area configured 1n order
to allow reduction of compressive stresses in the active
region.

Thus, the trench may be filled partially with insulating
material, for example silicon dioxide, in a nonconformal
manner 1n order to leave an uniilled cavity remaining, which
offers more free surface and allows relaxation of the stresses
in the insulating region, and consequently in the active region.

According to another possible embodiment, the internal
area may contain polycrystalline silicon, or polysilicon. This
1s because such a material, obtained after recrystallization of
deposited amorphous silicon, 1s a material i tension, which
turther facilitates reduction of the compressive stresses 1n the
insulating region, and consequently 1n the active region.

While the electrically insulating trench may be located
only within the insulating region, it may according to one
embodiment have an upper part located in the insulating
region and extended by a lower part located in the substrate,
the trench internal area configured 1n order to allow reduction
of compressive stresses 1n the active region then being located
in the upper part and 1n the lower part.

With such an embodiment, greater reduction of the com-
pressive stresses 1s obtained.

When the internal area of the trench contains polycrystal-
line silicon, it 1s preferable for the lower part of the trench to
comprise an electrically insulating layer, for example of sili-
con dioxide, arranged between the polycrystalline silicon and
the substrate. This 1s because this makes 1t possible to avoid
the occurrence of dislocations which could have occurred i1t
the polycrystalline silicon were 1n direct contact with the
s1licon of the substrate, which 1s generally monocrystalline.
That edge of the trench which 1s located closest to an edge
of the active region 1s advantageously separated from the edge
of the active region by a distance at least equal to a minimum
distance, so as in particular to comply with the design rules
(Design Rules Manual) of the technology 1n question.

Since the trench formed in the insulating region 1s electri-
cally inactive, 1t may partially or even fully surround the
active region, even 1f the component 1s an NMOS transistor.
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This 1s because the fact that the trench passes under the gate
polysilicon of the transistor does not then create a parasitic
transistor, and makes 1t possible to reduce the compressive
stresses 1n the active region even further.

Furthermore, an additional insulating region 1s arranged
above the component, the active region and the insulating
region, and separates the component from the first metalliza-
tion level of the integrated circuit. When this additional 1nsu-
lating region comprises an insulating lower layer (CESL layer
(Contact Etch Stop Layer), for example) in compression,
arranged above the component, the active region and the
insulating region, this insulating lower layer 1n compression
above the transistor and the msulating region also contributes
to the presence of compressive stresses 1n the active region.

Furthermore, relaxation of compressive stresses of the
active region may also be obtained by at least one electrically
inactive protrusion arranged above at least a part of the trench
and below the 1nsulating lower layer 1n compression.

In other words, this protrusion locally raises the insulating,
lower layer in compression, which therefore makes 1t possible
to relax compressive stresses 1n the active region.

This protrusion may comprise polycrystalline silicon.

Furthermore, when the component 1s an NMOS transistor,
the protrusion advantageously has a structure similar to that
of the gate region of the transistor.

This protrusion may at least partially surround the compo-
nent, for example an active resistor.

This being the case, when the component 1s an NMOS
transistor, the gate region of which has a part extending above
the mnsulating region, this gate region part 1s at least at a
mimmum distance from the protrusion so as not to create a
parasitic structure and so as to comply with the design rules
(DRM) of the technology 1n question.

This protrusion, the location of which 1s defined on the
“poly” mask, 1s mechamically active for relaxation of the
stresses but electrically nactive, because 1t 1s not electrically
connected.

Thus, the combination of a protrusion and an electrically
inactive trench formed 1n the msulating region makes it pos-
sible to further reduce the compressive stresses in the active
region of the component.

In order to reduce the compressive stresses even further, it
1s possible to stack an electrically mactive contact region
above the protrusion, which 1s itself located at least partly
above the electrically 1nactive trench.

Thus, according to such an embodiment, the integrated
circuit furthermore comprises an electrically mactive contact
region extending through the additional insulating region and
coming 1n contact at least with the upper face of the protru-
s10n, possibly even penetrating slightly into this protrusion,
the at least one contact region being formed by at least one
material different from the materials forming the nsulating
region and the additional insulating region; this material may
be a metal, for example tungsten.

This being the case, 1n the event that 1t 1s not possible to
provide a protrusion above the electrically inactive trench,
according to another embodiment 1t may nevertheless be pos-
sible for the electrically inactive contact region to extend
through the additional insulating region in order to come in
contact at least with the upper face of a portion of the trench,
and even slightly penetrate 1nto this trench.

In fact, the Inventors have observed that the production of
a contact extending through the additional insulating region,
and 1n particular the isulating lower layer (known to the
person skilled 1n the art by the acronym CESL: Contact Etch
Stop Layer) of this additional 1nsulating region, 1n order to
come simply 1n contact with the msulating region, and even
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4

penetrate very slightly into this insulating region because of
overetching, has also made 1t possible to relax the compres-
stve stresses 1n the active region of the component. This 1s
because the at least one material, for example a metal, form-
ing this contact region 1s generally a material 1n tensile stress.

This contact region, which 1s for example metallic, the
location of which 1s defined on the “contact” mask, i1s
mechanically active for relaxation of the stresses but electri-
cally mactive.

Thus, a component, for example an NMOS ftransistor,
equipped with a trench and with at least one such metal
contact region, has an active region which 1s even more
relaxed in compressive stresses than 1n the absence of such a
contact region.

It should furthermore be noted that the trench, or optionally
the outline of the orthogonal projection onto the insulating
region of the trench/protrusion stack or trench/contact region
stack or trench/protrusion/contact region stack, remains
advantageously contained laterally within the insulating
region, that 1s to say the trench or optionally the stack does not
extend laterally beyond this insulating region, in order to
avold overlap on an adjacent semiconductor body, which
could cause static leakage currents.

When the integrated circuit comprises a group of a plurality
of components unfavorably sensitive to compressive stresses,
for example NMOS transistors, respectively arranged at least
partially within a group of a plurality of active regions of the
substrate, which are limited by the insulating region, the at
least one electrically 1nactive trench may surround the group
of active regions.

According to one embodiment, the integrated circuit may
comprise a memory device comprising a memory plane hav-
ing nonvolatile memory cells and selection transistors with
buried gates, as well as a control unit of the memory plane,
comprising 1n particular NMOS transistors forming the com-
ponents unfavorably sensitive to compressive stresses; the at
least one electrically mactive trench 1s then located 1n at least
the msulating region limiting the active region of at least one
of these NMOS transistors of the control unit and having a
depth substantially equal to that of the buried gates.

Another aspect provides a method for fabricating at least
one component unfavorably sensitive to compressive
stresses, comprising production in a substrate of an integrated
circuit and an insulating region limiting an active region of the
substrate, and production of the component at least partially
in the active region.

According to a general characteristic of this other aspect,
the production of the insulating region comprises production
of at least one electrically inactive trench located at least in the
insulating region and contaiming an internal area configured
in order to allow reduction of compressive stresses in the
active region.

According to one embodiment, the production of the at
least one electrically 1mactive trench comprises formation of
an 1nitial trench 1n at least one zone of the insulating region,
and optionally in the substrate, and filling of the 1nitial trench
with polycrystalline silicon.

According to one embodiment, the method furthermore
comprises production, above the component, the active
region and the msulating region, of an additional nsulating
region comprising an insulating lower layer 1n compression,
and production of at least one protrusion arranged above at
least a part of the trench and below the isulating lower layer
1N compression.

According to one embodiment, the method furthermore
comprises production of an electrically inactive contact
region extending through the additional insulating region,
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this contact region being formed by at least one material
different from the materials forming the mnsulating region and
the additional msulating region. Furthermore, depending on
the case, this contact region may come 1n contact at least with
the upper face of the protrusion, and even slightly penetrate
into this protrusion, or 1n the absence of a protrusion 1t may
come 1n contact at least with the upper face of a portion of the
clectrically 1nactive trench, and even penetrate into this
trench.

When the component 1s an NMOS transistor, the protru-
s10n has a structure similar to that of the gate region of the
transistor, and 1s advantageously produced simultaneously
with the gate region.

When the at least one component unfavorably sensitive to
compressive stresses 1s an NMOS transistor belonging to a
control unit of a memory plane of an integrated memory
device, the memory plane having nonvolatile memory cells
and selection transistors with buried gates, the production of
the at least one electrically inactive trench 1s advantageously
carried out simultaneously with the production of the buried
gates.

Likewise, the production of the at least one contact region
may be carried out simultaneously with the production of the
contacts on the source, drain and gate regions of the transis-
tors of the memory devices.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and characteristics of the invention waill
become apparent on studying the detailed description of
entirely nonlimiting embodiments, and the appended draw-
ings, in which:

FI1G. 1 schematically illustrates an NMOS transistor of the
prior art, and

FIGS. 2 to 18 schematically illustrate various embodi-
ments.

DETAILED DESCRIPTION OF THE DRAWINGS

Throughout what follows, the component unfavorably sen-
sitive to compressive stresses 1s, for example, 1dentified as an
NMOS transistor.

In FIG. 1, the reterence TRN denotes an NMOS transistor,
the active region 10 of which 1s located within a semiconduc-
tor substrate 1, for example of p-doped silicon. The active
region 1s surrounded by an insulating region 2, for example of
the shallow trench type (ST1: Shallow Trench Isolation).

The transistor TRN, forming part of an integrated circuit
CI, conventionally comprises a gate region 3. Furthermore,
the gate region 3, the active region 10 and the insulating
region 2 are covered with an additional msulating region 4,
conventionally comprising an insulating lower layer 40, for
example of silicon nitride, also referred to by the person
skilled 1n the art by the acronym CESL (Contact Etch Stop
Layer). The additional insulating region 4 also comprises at
least one other layer above the layer 40, for example at least
one layer 42 of silicon dioxide.

For purposes of simplitying FIG. 1, the source and drain
regions located in the active region and n-doped are not rep-
resented.

The transistor TRN 1s produced here in a 90 nanometer
technology, and the distance D between the gate region 3 and
the insulating region 2, that 1s to say the length of the source
or drain region, 1s equal here to 0.23 micrometer because of
the presence of a contact on this source or drain region.
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When the component 1s a capacitor, this region 3 forms an
clectrode of the capacitor, and the distance D may be reduced
to 0.15 micrometer 1n the absence of the contact.

The 1nsulating region 2 1s generally made of silicon diox-
ide. In view of the fact that the coetlicient of thermal expan-
sion of the active region 10 1s greater than the coellicient of
thermal expansion of the msulating region 2, at the end of the
fabrication method, and particularly during the cooling, the
s1licon dioxide 2 contracts less than the silicon 10 of the active
region, leading to an insulating region 2 1n compression and
consequently 1mnducing compressive stresses in the active
region 10.

Compared with the transistor TRN of FIG. 1, the transistor
TRN according to the embodiment 1llustrated 1n FIG. 2 com-
prises at least one electrically inactive trench 20, here having
an upper part 200 located 1n the insulating region 2 and
extended by a lower part 201 located 1n the underlying sub-
strate 1.

Furthermore, 1n this example the internal walls of the lower
part 201 of the trench are lined with an electrically insulating
layer 202, for example of silicon dioxide.

The internal area of the trench produced in this way con-
tains polycrystalline silicon, or polysilicon, 203.

The upper face of the electrically mactive trench 20 1s
located substantially at the same level as the upper face of the
active region 10. This trench 1s electrically inactive because 1t
1s not electrically connected to any electrical potential.

This trench 20 therefore only has a mechanical function,
allowing reduction of the compressive stresses 1n the active
region 10. Specifically, 1n this exemplary embodiment, the
polysilicon 202, which 1s mitially deposited amorphously,
recrystallizes during the cooling to become a material in
tensile stress, which reduces the compressive stresses particu-
larly 1n the mnsulating region 2, which consequently makes 1t
possible to reduce the compressive stresses in the active
region 10.

Although 1n the embodiment 1n FIG. 2 the trench 20 1s
extended into the underlying substrate, 1t would have been
possible for the trench 20 to be located only within the 1nsu-
lating region 2, without extending into the underlying sub-
strate. Furthermore, with such an embodiment a reduction of
the compressive stresses by about 15% 1s obtained compared
with the transistor of FIG. 1.

This being the case, the lower part of the trench 20, located
in the underlying substrate, also contributes to reduction of
the compressive stresses 1n the active region 10. Thus, the
embodiment of FIG. 2 allows a 30% reduction of the com-
pressive stresses 1n the active region compared with the tran-
sistor of FIG. 1.

Furthermore, the insulating layer 202 makes 1t possible to
avold direct contact between the silicon of the substrate and
the polysilicon 203 of the trench, which avoids the occurrence
of dislocations.

The width LG1 of the trench 20 1s equal here to the critical
dimension CD of the technology 1n question, 1n the case 1n
point 0.11 micrometers. This critical dimension 1s the mini-
mum dimension of a line of the active region.

The distance LG2 between the edge of the trench 20 and the
edge of the active region 10 1s equal here to a minimum
distance defined by the design rules (DRM: Design Rules
Manual) of the technology in question, in the case in point
0.05 micrometer for a 90 nanometer technology.

FIGS. 3 to 6 schematically illustrate the production of the
insulating region 2 and of the electrically mnactive trench 20 of
the transistor TRN of FIG. 2.

More precisely, after having deposited on the substrate 1 a
bilayer 70 (silicon oxide/silicon nitride) surmounted by a
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layer of photosensitive resin, which 1s exposed through a
mask referred to as an “active mask or active region mask™,
which will make 1t possible to determine the contours of the
insulating region 2 and consequently those of the active
region, after development of the resin the bilayer 70 and the
substrate 1 are etched by using the remaining part of the resin
as a hard mask, so as to obtain a trench 6 (FIG. 3) which will
be filled with insulating material so as to form, after chemical-
mechanical polishing and removal of the silicon nitride, the
insulating region 2 (FI1G. 4).

Then, as illustrated i FIG. 5, etching of a first trench 1s
carried out so as to define the upper part 200 and the lower part
201, and reoxidation of the lower part 201 of this first trench
1s carried out so as to form the electrically insulating layer
202.

At this stage, a trench which is referred to here as the initial
trench 1s thus obtained.

This 1nitial trench 1s then filled with polysilicon deposited
in the amorphous state at high temperature, this being con-
verted into polycrystalline silicon during the cooling, then
etched, for example by chemical-mechanical polishing or dry
ctching (FIG. 6).

FI1G. 7 1s a schematic view from above of another embodi-
ment of a transistor TRIN. In this figure, the transistor TRN
comprises a gate region 3 surmounting the transistor active
region 10, which 1s limited by the msulating region 2. Gate
contacts 30 are formed at one end of the gate region, while
source contacts CTS and drain contacts CTD are formed on
the source and drain regions of the transistor. Furthermore, it
can be seen that 1t 1s possible, when the environment of the
transistor TRN so allows, to arrange the electrically mactive
trench 20 all around the active region 10. This allows even
more elfective reduction of the compressive stresses 1n the
active region 10.

This being the case, depending on the environment of the
transistor TRN, the electrically mnactive trench 20 could sur-
round the active region 10 only partially.

It should be noted here that, since the trench 20 1s electri-
cally mactive, 1t may readily be surmounted by the gate poly-
s1licon 3 without the risk of creating a transistor. Furthermore,
a stray capacitance possibly generated by this overlap would
be very small.

The transistor TRN may sometimes be located beside
another transistor TRN, as 1s the case 1n FIG. 8.

The integrated circuit CI illustrated 1n FIG. 8 comprises
two NMOS transistors TRNA, TRNB. The transistor TRNA
comprises an active region 10A surrounded by the imnsulating
region 2, and the transistor TRINB comprises the active region
10B, also surrounded by the insulating region 2.

The transistor TRNA comprises a gate region 3A formed,
for example, by a line of polysilicon. This gate region 3A
comprises one part 30A located above the active region 10 A,
one part 31 A extending beyond a first end of the active region
and allowing contact to be made on the gate region, and
another part 32A extending beyond a second end of the active
region.

The gate region 3B of the transistor TRNB has a similar
structure to the gate region 3A. More precisely, 1t comprises a
central part 30B located above the active region 10B, and two
parts 31B and 32B extending beyond this active region 10B.

The zone 8 represents the n+ implantation zone of the two
NMOS ftransistors. It can furthermore be seen that the inte-
grated circuits CI comprises, around this group of two tran-
sistors TRNA and TRNB, an electrically inactive trench 20
formed within the insulating region 2.

This 1s because 1n this embodiment, the space ESP between
the two active regions 10A and 10B 1s not suflicient to make
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it possible to surround the active region of each transistor with
an electrically inactive trench 20. Specifically, this space must
be at least equal to twice the minimum spacing L.G2 plus the
critical dimension L.(G1, 1.e. 0.25 micrometer for a 90 nanom-
cter technology.

In the embodiments illustrated 1n FIGS. 9 and 10, the
relaxation of the stresses 1n the active region 10 of the tran-
sistor TRN 1s obtained by a metal contact 9 extending through
the additional 1insulating region 4 1n order to optionally pen-
ctrate mside the trench 20 (part 90 in dashes 1n these figures).

This being the case, the Inventors have observed that even
iI the metal contact 9 extends only through the insulating
region 4, and 1n particular the CESL layer 40, without pen-
etrating into the trench 20, relaxation of the compressive
stresses 1n the active region 10 of the transistor TRN 1s nev-

ertheless obtained compared with the compressive stresses of
the region 10 of the transistor TRN of FIG. 1.

Furthermore, this 1s true whether the layer 40 1s a layer 1n
compression or a layer 1n tension, because 1n the latter case
the material used for the contact region 9 1s generally a mate-
rial which 1s 1tself 1in tension. Furthermore, the Inventors have
observed that the combination of a layer 40 1n tension through
which a contact region extends, which 1s 1tself 1n tension, has
also made it possible to increase the tension in the channel
region, which makes 1t possible to increase the mobility of the
clectrons.

Such a metal contact 9 1s produced 1n a similar way to the
metal contacts intended to make contact with the source,
drain and gate regions of the transistor in order to connect
them to a metallization level of the interconnection part
(BEOL: Back End Of Line) of the mtegrated circuit.

This being the case, this metal contact 9, the location of
which 1s defined on the “contact” mask, and the geometry of
which may be different from that of the conventional contacts
intended to contact the source, drain and gate regions, 1s
mechanically active for relaxation of the stresses but electri-
cally 1nactive because neither of 1ts ends 1s 1n contact with a
potential.

This being the case, the use of metal contacts coming 1n
contact with the electrically mactive trench 20, or even pen-
etrating 1nto this trench, 1s not always possible.

This 1s because the dimensional constraints to be complied
with for the production of a metal contact in relation to the
edge of the active region are more stringent than those gov-
erning the production of the trench 20.

Thus, 1n the 90 nanometer technology, for example, the
minimum distance D1 between the contact region 9 and the
edge of the active region 1s equal to 0.10 micrometers, which
1s twice as great as the length L.G2 (FIG. 2) separating the
edge of the trench 20 from the edge of the active region.

The minimum width D2 of a contact region 9 1s for 1ts part
equal to 0.12 micrometers 1n the 90 nanometer technology,
for example.

These dimensions D1 and D2, in particular, are used auto-
matically 1n the computing tool for generating the “contact”™
mask 1n order to determine, as a function of the locations of
the various active regions 10 and trenches 20, but also as a
function of the distance in relation to a possible neighboring
polysilicon region and/or the presence or absence of a metal
line at an upper metallization level, the possible locations of
the contact region or regions 9 which come 1n contact with or
penetrate 1nto these trenches, as well as the geometries and
dimensions of the or these contact regions.

Furthermore, this 1s done automatically without interven-
tion by the designer of the circuit, and 1n a way which 1s
entirely transparent for him.
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In the embodiment illustrated 1n FIG. 11, the msulating
lower layer 40 1s a layer 1n compressive stress. Furthermore,
the relaxation of the stresses 1n the active region 10 of the
transistor TRN 1s obtained by a protrusion 12 resting on the
trench 20 and located under the 1nsulating lower layer 40.

In other words, this protrusion locally raises the insulating,
lower layer 40, which makes it possible to accentuate the
relaxation of the compressive stresses 1n the active region 10.

As illustrated in FIG. 12, when the component unfavorably
sensitive to compressive stresses 1s an NMOS transistor TRN,
this protrusion advantageously has a structure similar to that
of the gate region 3 of the transistor. This protrusion then
comprises, for example, polysilicon 1n 1ts central part 120.

In the 90 nm technology, for example, the minimum width
D4 of the central part of a protrusion 12 1s equal to 0.1
micrometers, and the minimum distance D5 between a central
part of a protrusion 12 and the edge of the active region 1s
equal to 0.05 micrometers.

The production of the protrusion 12 i1s advantageously
carried out simultaneously with the production of the gate
region 3 and with production steps identical to those used for
the production of this gate region.

More precisely, after having produced the central part of
the gate region 3 and the central part 120 of the protrusion 12
by deposition and etching, these central parts are flanked with
lateral 1insulating regions, or spacers. The additional insulat-
ing region 4 1s then produced with the lower layer 40 1n
compression.

The location and the geometry of the polysilicon central
part 120 of the protrusion 12 are defined on the “poly” mask
used for defining the locations and geometries of the gate
regions of the transistors.

The dimensions D4, D35 and D6 are used automatically in
the computing tool for generating the “poly” mask 1n order to
determine, as a function of the locations of the various active
regions 10 and trenches 20, the possible locations of the
protrusion or protrusions 12 as well as the geometries and
dimensions of the or these protrusions.

Furthermore, here again, this 1s done automatically without
intervention by the designer of the circuit, and 1n a way which
1s entirely transparent for him.

It 1s of course possible, 1f the environment so permits, to
combine within an integrated circuit an electrically inactive
trench 20, aprotrusion 12 and a contact region 9, as illustrated
in FIG. 12. More precisely, 1n this figure these three elements
are stacked. Thus, the protrusion 12 1s located above the
clectrically mactive trench 20 and 1s surmounted by the con-
tact region 9.

Reference 1s now made more particularly to FIGS. 13 to 18
in order to illustrate an application for an integrated circuit
comprising a memory device, the memory plane PM of which
has, as 1llustrated 1n FIG. 13, nonvolatile memory cells CEL
and buried-gate selection transistors TSL.

More precisely, each memory cell CEL comprises a tloat-
ing-gate transistor TGF produced 1n and on a p-type semi-
conductor body separated from an underlying p-type sub-
strate by an n-type semiconductor layer. Conventionally, each
floating-gate transistor comprises a floating gate GF, for
example made of polysilicon, and a control gate CG.

Each selection transistor TSL making 1t possible to select a
row of cells 1s an MOS transistor, the gate GTSL of which 1s
a gate buried 1n the p-type body and electrically insulated
from this body by a gate oxide OX, typically silicon dioxide.
The n-type buried layer forms the source regions of the selec-
tion transistors TSL. It should be noted that the buried gate
GTSL 1s common to the two adjacent selection transistors
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TSL, the two gate oxides OX of which are respectively
located on the two sides of this buried gate.

As 1s conventional in the art, and schematically 1llustrated
in FIG. 14, the memory device DM integrated within the
integrated circuit CI comprises, in addition to the memory
plane PM formed by the matrix of memory cells CL, a control
unit or logic comprising, 1n particular, line decoders and
column decoders. All these elements of the control unit BLC
comprise, 1 particular, NMOS transistors TRN.

Furthermore, while because of the density of the memory
plane 1t 1s not conceivable to arrange electrically nactive
trenches 20 inside the memory plane, but also around this
memory plane so as to avoid edge ettects, it 1s entirely advan-
tageous as 1llustrated 1n FIG. 14 to associate with at least
some of the NMOS transistors electrically 1nactive trenches
20 which may 1n certain cases surround at least some of these
NMOS transistors TRN.

Furthermore, as illustrated very schematically in FIG. 15,
the formation 150 of the electrically 1nactive trenches 20 of
the transistors TRN 1s carried out simultaneously with the
formation 151 of the buried gates GTSL of the selection
transistors TSL ol the memory plane Specifically, the etching
of the trenches intended to recerve the buried gates of these
transistors and the etching of the first trenches 1n the msulat-
ing region around the transistors TRN and in the underlying
substrate are carried out simultaneously, and the definition of
the locations of these first trenches 1s defined on the same
mask as that making 1t possible to define the trenches intended
to recerve the buried gates. Furthermore, this 1s entirely trans-
parent for the designer of the integrated circuit, because the
locations of the first trenches intended to become the electr-
cally 1nactive trenches 20 are defined within the msulating
regions 2, and are 1n any case electrically mactive.

The depths of the first trenches and of those mtended to
receive the buried gates GTSL are substantially identical.

Furthermore, the oxidation of the internal walls ot all these
trenches leads on the one hand to formation of the gate oxide
of the selection transistors, and on the other hand to formation
of the msulating layer 202.

Lastly, all these trenches are filled with polysilicon.

Furthermore, as 1llustrated in F1G. 16, the formation 160 of
the floating gates GF of the floating-gate transistors TGF 1s
carried out simultaneously with the formation 161 of the gate
regions 3 of the transistors TRN, which 1s itself carried out
simultaneously with the optional formation 162 of a protru-
sion 12 by using the “poly” mask. Lastly, as illustrated in FIG.
17, contacts C'TC are made on various regions of the memory
cells of the memory plane PM. Furthermore, by analogy with
what has been described above, the formation 180 (FIG. 18)
of these contacts CTC 1s advantageously carried out simulta-
neously with the optional formation 181 of the contact region
9 associated with the transistor TRN, by using the “contact™
mask.

What 1s claimed 1s:

1. An itegrated circuit, comprising;:

a semiconductor substrate;

at least one component unfavorably sensitive to compres-
stve stress which 1s arranged at least partially within an
active region of the semiconductor substrate limited by
an 1nsulating region formed 1n the semiconductor sub-
strate; and

at least one electrically mnactive trench located extending
completely through the insulating region and into the
semiconductor substrate and contaiming an internal area
configured to reduce compressive stress in the active
region;
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wherein the at least one electrically inactive trench com-
prises:
an upper part located in the msulating region; and
a lower part extending from the upper part and located 1n
the semiconductor substrate underneath the insulat-
1ng region,

wherein said internal area 1s located 1n both the upper part

and the lower part.

2. The mtegrated circuit according to claim 1, wherein the
internal area contains polycrystalline silicon.

3. The mtegrated circuit according to claim 1, wherein the
lower part of the trench comprises an electrically insulating
layer arranged between the internal area and the semiconduc-
tor substrate.

4. The mtegrated circuit according to claim 1, wherein the
trench surrounds the active region.

5. The integrated circuit according to claim 1, comprising
a group of a plurality of components unfavorably sensitive to
compressive stresses, which are respectively arranged at least
partially within a group of a plurality of active regions of the
semiconductor substrate, which are limited by the insulating
region, and the at least one electrically mactive trench sur-
rounds the group of active regions.

6. An integrated circuit, comprising:

a semiconductor substrate;

at least one component unfavorably sensitive to compres-

stve stress which 1s arranged at least partially within an
active region ol the semiconductor substrate limited by
an 1nsulating region formed 1n the semiconductor sub-
strate;

at least one electrically mactive trench located extending

into the msulating region from a top surface of the 1nsu-
lating region and containing an internal area configured
to reduce compressive stress in the active region, said
internal area having a top surface coplanar with the top
surface of the insulating region;

an additional 1nsulating region comprising an insulating

lower layer 1n compression and arranged above the com-
ponent and the active region and in contact with the top
surface of the msulating region; and

at least one electrically mactive protrusion arranged on the

top surtace of the internal area above at least a part of the
trench and wherein the sulating lower layer 1n com-
pression passes over the at least one electrically 1nactive
protrusion.

7. The mtegrated circuit according to claim 6, wherein the
protrusion comprises polycrystalline silicon.

8. The integrated circuit according to claim 6, further com-
prising an electrically inactive contact region extending
through the additional 1nsulating region and coming 1n con-
tact at least with the upper face of the electrically mactive
protrusion, the at least one contact region being formed by at
least one material different from the materials forming the
insulating region and the additional insulating region.

9. An mtegrated circuit, comprising;:

a semiconductor substrate;
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at least one component unfavorably sensitive to compres-
stve stress which 1s arranged at least partially within an
active region of the semiconductor substrate limited by
an 1nsulating region formed 1n the semiconductor sub-
strate;

at least one electrically mactive trench located 1n the insu-
lating region and containing an internal area configured
to reduce compressive stress in the active region, said
internal area having a top surface coplanar with the top
surface of the 1nsulating region;

an additional insulating region arranged above the compo-
nent, the active region and the insulating region; and

at least one contact region extending through the additional
insulating region and coming in contact at least with the
top surtace of the internal area within the trench, the at
least one contact region being formed by at least one
material different from the materials forming the 1nsu-
lating region and the additional insulating region.

10. The integrated circuit according to claim 9, wherein the

contact region comprises a metal.

11. The integrated circuit according to claim 9, wherein the
contact region penetrates into the top surface of the imnternal
area.

12. The integrated circuit according to claim 9, wherein the
at least one component 1s an NMOS transistor.

13. The integrated circuit according to claim 6, wherein the
clectrically 1nactive protrusion has a structure similar to that
ol a gate region of the transistor.

14. The mtegrated circuit according to claim 13, wherein
the gate region of the transistor has a part extending above the
insulating region and 1s spaced apart from the electrically
inactive protrusion.

15. An mtegrated circuit, comprising;:

a semiconductor substrate;

at least one component unfavorably sensitive to compres-
stve stress which 1s arranged at least partially within an
active region of the semiconductor substrate limited by
an 1nsulating region formed 1n the semiconductor sub-
strate;

at least one electrically mactive trench located extending
completely through the insulating region and into the
semiconductor substrate and containing an internal area
configured to reduce compressive stress 1n the active
region;

a memory device comprising a memory plane having non-
volatile memory cells and selection transistors with bur-
1ied gates, as well as a control unit of the memory plane
comprising NMOS transistors forming the components
unfavorably sensitive to compressive stresses, the at

least one electrically mactive trench being located 1n at
least the insulating region limiting the active region of at
least one of the NMOS transistors of the control unit and
having a depth substantially equal to that of the buried
gates.
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